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FOREWORD 

This  publication  was,  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments . 
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ANALYTICAL  SOLUTION  OP  THE  PROBLEM  OH  THERMAL 
EXPLOSION  FOR  THE'  CY&IKD1ICAL  CASE 


/Pol loving  Is  the  translation  of  an  article  by 
p.  A  *  Prank~Iisaaenetskiy  entitled  "Anal  it ich.es - 
koye  Resheniye  Zadachi  o  Teplovom  Vsryve  dlya 
Tsilindricheskogo  Sluchaya"  (English  version 
above)  in  Zhurn&l  Fisicheskoy  Khimli  (Journal 
°f  Physical  Chemistry),  Vol.  XXXII,  Ho.  $> 
19$o>  pages  1182-1183./ 
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In  the  article  [lj  it  Has 'shown  that 


the  cri- 


tical  condition  of  thermal  ignition  is  reduced  to  the 
condition  of  existence  in  the  equation 

£*6  =  —  Sc®  ... 


of  a  solution  satisfying  the  boundary,  conditions. 

The  analytical .solution  of  equation  {1}  was 
iound  for  the  plane  case,  while  the  critical  condition 
was  reduced  to  the  condition  of  the  existence  of  radicals 
in  the  transcendental  equation? 


|  For  the  cylindrical  and  spherical  cases,  the 

!  critical  d  values  were  found  by  means  of  numerical  in¬ 
tegration. 


It  is  interesting  that  for  the  cylindrical  case 
the  critical  «  value,  with  all  the  accuracy  of  numerical 
calculation,  was  found  to  be  equal  to  the  integral  number 
two.  But  it  was  not  clear  whether  this  was  an  accidental 
coincidence  or  whether  in  the  cylindrical  case  the  problem 
ox  the  critical  condition  actually  has  a  simple  integral 
solution. 
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Recently ,  Tomemann  and  Cowigh  [2],  while  exa¬ 
mining  the  equation  of  type  (1)  in  connection  with  a  com¬ 
pletely  different  problem,  have  found  a  substitution  with 
the  aid  of  which  the  cylindrical  case  is  reduced  to  a 
plane  one.  For  this  purpose,  it  is  sufficient  to • effect 
the  change  of  variables:  • 

f  r  .  p 

m**rX7T)  r  >  *"=,n7F’  (3)  > 

after  which  (1)  for  the  cylindrical  case  will  assume  the  j 

y 

same  form  as  for  the  plane  one. 

{ 

The  general  form  of  the  solution  for  the  plane  j 

| 

and  cylindrical  cases  may  bo  expressed  thus: 


where  the  values  U  and  C  for  the  plane  case,  according 


|  to  I  1  are; 

L  J 


u  =  e\  l »  7  ’ 


and  for  the  cylindrical  case  they  are  expressed  by  (3). 

Accordingly,  the  boundary  conditions  for  the 
plane  case  are; 


« ®>  ~ 11  1)1  when  *  *’  *  *’ 
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and  fop  tile  cylindrical  .case; 


when  £*»  —co,  ?« '-v j* v  wh®a «ai.  ^7} 

t 

In  the  plane  case,  the  boundary  conditions  £6) 
gl-'/e  .for  a,  the  transcendental  equation  (2). 

In  the  cylindrical  case,  the  finding  of  the 
constant  of  integration  of  a,  and  of  the  critical  con¬ 
dition  appears  considerably  simpler  than  in  the  plane 
case;  all  results  are  obtained  in  the'  final  fort  and  it 
is  not  necessary  to  solve  a  transcendental  equation. 

then  f  -— %*•  o  (  &  — !►  ~  go  )  ,  (lj. )  gives 


if  ^  4ce  ^ 


(tt)™- 


In  order  that  the  temperature  remain  on  the  finite  axis, 
the  following  condition  should  lie  fulfilled; 

IhS  ™2.  •  (S)  . 

Whereupon,  dimensionless  temperature  on  the  axis  is  ex¬ 


pressed  as; 


%  =  ln4s  —  2&, 


Tile  second  boundary  condition  at  the  limit 


(at  ~  0 )  gives 


From  thl; 

s,  it  is  t 

at  ones  obvious 

that  the 

minimal 

value 

of  CL  is 

0  hi  G<5.  2.13.00. 

at  h  =  0,  and 

Is  equal 

to  ■unit;; 

f .  Sub 

Stitutinj 

3  In  (9), 

vrs  obtain: 

i  ,,  ,  ,  ,  —  <> 

critical” 


In  exact  agreement  with  the  results  of  numerics  1  calcu- 
x  a.  o  x  on . 

The  maxima'?  pre --explosion' lies tup  is,  according 

to  {10}! 

.  8m  *ss  Ic  4  s»  1,38.  (13) 


The  numerical  calculation  produced  practically  the  iden¬ 
tical  value  of  1.37* 

Thus,  although  In  the  plane  case  the  equation 
Integrates  directly  by  the  standard  methods, .the  critical 
condition  has  a  simpler  character  in  the  cylindrical  case* 
vfoere  the  properties  of  the  solution  are  essentially  de¬ 
termined  by  the  singular! tv  on  the  axis. 
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